The purpose of this study was to examine the cognitive processes related to interaction episodes in jazz improvisation through the development, testing, and validation of a rubric for assessing interaction in jazz improvisation. Four questions guided this study: (a) is a rubric an effective method for assessing performance achievement at undergraduate, graduate, and professional levels? (b) what is the interjudge reliability of a rubric used to assess interaction in jazz improvisation? (c) which of the rubric criteria maximally differentiate 3 performance achievement levels (i.e., undergraduate, graduate, and professional)? and (d) does a cognitive task ordering of difficulty exist in assessing jazz interaction? The rubric consisted of 3 melodic interaction criteria, 2 harmonic interaction criteria, and 3 rhythmic interaction criteria. A total of 55 expert judges evaluated 55 distinct jazz improvisation performances. The results indicated a statistically significant multivariate analysis of variance effect across all 3 performance achievement levels on each rubric item. The standardized discriminant function coefficients suggested that the 3 performance achievement levels were maximally differentiated by a canonical variate with greater weightings from all 3 melodic interaction criteria (i.e., "Reaction to implied [melodic] musical suggestions," "Development of melodic musical ideas stemming from motivic interplay," and "Adaptation to melodic interplay [call and response]") and 1 rhythmic interaction criterion (i.e., "Coordination of rhythmical pulse [timing and synchronization]"). The results indicated a cognitive ordering of rater task difficulty: melodic interaction, rhythmic interaction, and harmonic interaction. A total of 66.33% of the variability was accounted for by performance achievement level, and interjudge reliability was estimated using Cronbach's alpha (␣ ϭ .91).
Interactive episodes are often considered to be the foremost contributor of excitement and complexity in a jazz performance (Berliner, 1994 (Berliner, , 1997 Hodson, 2007; Monson, 1996) . According to Monson, "Good jazz improvisation is sociable and interactive just like a conversation; a good player communicates with the other players in the band. If this doesn't happen, it's not good jazz" (p. 84). A difficulty in evaluating and measuring interaction episodes in jazz improvisation lies in judging the ensembles' overall performance achievement and creativity level (Collier, 1995) . Research studies related to jazz improvisation creativity and performance achievement often exclude the variable of interaction due to the complexity of measuring performers' cognitive and decisionmaking processes (Ciorbia, 2009; Limb & Braun, 2008; Madura, 1995; May, 2003; Norgaard, 2011; Smith, 2009; Ward-Steinman, 2008) . Other studies acknowledge the collaborative nature of jazz improvisation but maintain that temporal cognition is evident only in real-time improvisational performance (Johnson-Laird, 2002; Mendonca & Wallance, 2004; Pressing, 1984) . An additional problem with the evaluation of interaction in musical performance lies in the perception of observed behaviors. Interaction within an improvising jazz ensemble may not always be detected by observable behaviors; in particular, the presence of subconscious cognitive and affective behaviors can potentially obscure the ability to perceive interaction by both the observer and the participants themselves (Seddon, 2005) .
Further investigation into the cognitive processes of jazz interaction and performance achievement level is needed in order to broaden the scope of teaching and learning in jazz performance. The purpose of this study was to examine the cognitive processes related to interaction episodes in jazz improvisation through the development, testing, and validation of a rubric for assessing interaction in jazz performance. The research questions that guided this study include (a) is a rubric an effective method for assessing the performance achievement of interaction at undergraduate, graduate, and professional levels? (b) what is the interjudge reliability of a rubric used to assess interaction in jazz improvisation? (c) which of the rubric criteria maximally differentiate three performance achievement levels (i.e., undergraduate, graduate, and professional? and (d) does a cognitive task ordering of rater difficulty exist in assessing jazz interaction?
At one level this attunement is sympathetic, allowing for a cohesive performance revolving around sharing stocks of musical knowledge. At another level this attunement becomes empathetic, which is differentiated from sympathetic by collaborating musicians either consciously or subconsciously engaging in the psychological processes of decentring and introspection in order to become empathetically attuned. Once empathetically attuned, an atmosphere of trust allows for creative risk taking, which can result in the production of spontaneous musical utterances that may be regarded as examples of empathetic creativity (p. 58).
Empathetic attunement has also been described as ensemble groove or group flow (Berliner, 1994 (Berliner, , 1997 Csikszentmihalyi, 1990 Csikszentmihalyi, , 1996 Kenny & Gellrich, 2002; Sawyer, 2006) .
As Berliner (1994) explains, ". . . while attending to their own parts-assessing inventive material and selecting elements for development-performers must constantly exercise musical peripheral vision to make similar assessments about neighboring parts as they endeavor to predict their courses" (p. 364). Examples of such interaction include the subtle nuances and relationships between instruments in terms of synchronicity, reaction to the types of prevalent subdivisions being used (i.e., rhythmic density), adjustments to rhythmic patterns such as polyrhythms and on-beat/off-beat accents, adjustments to harmonic patterns of textural density and chord substitutions, reaction to the introduction of melodic fragments (i.e., melodic invention), and reaction to stylistic ideas engrained in the vocabulary of the jazz tradition (i.e., quotations, recurring vocabulary patterns, logical phrase construction, musical suggestion, and musical expectation) (pp. 348 -379). Furthermore, Rinzler (1986) provides examples of various types of interaction that may occur specifically between a soloist and rhythm section: (a) call and response; (b) use of fills; (c) accenting the ends of formal units; (d) the harmonic or rhythmic repetition of a motive (common motive); and (e) response to the "peaks" of the soloist (pp. 156 -157) .
In addition to the "stocks of musical knowledge" that Berliner (1994) and Rinzler (1986) describe, a performer's degree of creativity is a factor in the level of attunement achieved (Sawyer, 2003) . According to Rinzler, a performer may engage in three major degrees of creativity related to interaction: (a) the performers may produce music . . . with little or no creative impulse; (b) performers may produce music by creatively fulfilling their own individual musical function but not interacting with fellow musicians; and (c) performers may produce music by creatively interacting with the other musicians in the group (p. 156).
To assess interaction in a jazz performance from a pedagogical approach, one must consider several dimensions related to the musical development of the ensemble: (a) degree of obtained vocabulary (i.e., What subgenres of jazz are the students knowledgeable of? What standardized vocabulary have the students acquired?); (b) vocabulary development (i.e., Are the students able to connect multiple ideas throughout chord progressions? Are the students still developing their vocabulary over specific chord progressions?); (c) aural ability (i.e., Are the students able to recognize musical patterns and replicate them? Are the students able to interpret a musical idea? Are the students able to develop musical ideas from musical motives occurring within the ensemble?); and (d) level of response (i.e., Can the students listen and improvise simultaneously? To what degree can the students hear a phrase, internalize it, replicate it, apply it, and adapt it? How critically and in depth can the students hear? Can the student listen across the ensemble to multiple instrumentalists at one time? Does listening disrupt the flow of their performance?) By relating these dimensions to interaction episodes via a multidimensional rubric, the pedagogy and assessment of more elusive aspects of jazz improvisation may be enhanced. In addition, the analysis of such an assessment tool may provide further insight into what central factors contribute to the cognition and perception of interaction episodes at multiple achievement levels.
Jazz Pedagogy, Rubrics, and Music Performance Assessment
A frequent criticism of academic-based jazz improvisation pedagogy is the emphasis on syntactical technique-driven development at the sacrifice of creative improvisational thinking (Prouty, 2002) . According to Prouty (2012) , "In evaluating student performers, at least two main forces are at work, one of which is under control of jazz educators (the teaching of technique, e.g.), while the other largely is not (individual creativity)" (p. 68). Institutional demands have led educators to codify pedagogical methods that are easily measurable and quantified, such as cognitive ability-type testing of syntax and vocabulary development (Nicholson, 2005) . This allows students the opportunity to construct, replicate, and perform an improvised solo using acquired syntax and vocabulary alone while demonstrating little creativity (Prouty, 2008) . The subjective nature of assessing creative elements of jazz improvisation, such as ensemble interaction and communication, is proven difficult to assess in an objective concrete manner.
Current trends in higher education assessment are moving away from traditional cognitive-type tests and shifting more toward authentic assessments (Dochy, Gijbels, & Segers, 2006) . Authentic assessments reflect more valid data about student competence through their engagement with meaningful tasks that demonstrate essential skills and knowledge (Darling-Hammond, & Snyder, 2000) . In addition, authentic assessments aim at assessing higher order thinking processes and competencies as opposed to the factual knowledge of cognitive testing. This, in turn, has led to a strong interest in various types of performance assessments that capture more elusive aspects of learning (Jonsson & Svingby, 2007) .
Rubrics offer a mechanism for assessing higher-order thinking by documenting students' developmental progress as well as providing clear levels of achievement to which they may aspire. A rubric is a form of a criteria-specific performance scale that divides a task into constituent parts and offers detailed descriptions of the performance levels for each part (Wesolowski, 2012) . Research has demonstrated many benefits of the implementation of rubrics to the educational process. Research reports have shown evidence that rubrics (a) provide diagnostic feedback that can identify areas for improvement in instruction (Song, 2006) ; (b) serve instructional as well as evaluative purposes (Andrade & Du, 2005) ; (c) support teaching and student learning (Andrade & Du, 2005; Osana & Seymour, 2004; Reitmeier, Svendsen, & Vrchota, 2004; Schneider, 2006) ; and (d) reflect higher achievement and deeper learning by students who have rubrics to guide their work (Petkov & Petkova, 2006; Reitmeier et al., 2004) . Student perception has been shown to reflect positively for their implementation. Graduate and undergraduate students value rubrics because they "clarify the targets for their work, allow them to regulate their progress, and make grades or marks transparent and fair" (Reddy & An- This document is copyrighted by the American Psychological Association or one of its allied publishers.
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drade, 2010). Instructors found that rubrics provide an objective basis for evaluation, more consistent, reliable, and efficient grades (Campbell, 2005) , and facilitates a change in evaluation procedures from "subjective observations to specific performances" (Reitmeier et al., 2004, p. 18) . A primary difficulty with music performance assessment is managing its subjective nature (Radocy, 1986) . Rubrics can be used to overcome its subjective nature and to help develop a set of guidelines for clearly assessing student work and thus to increase objectivity in the evaluation of performances (Wesolowski, 2012) . In the field of music education, rubrics have been developed and empirically tested for the influence of certain variables on solo and small ensemble festival ratings (Bergee & Platt, 2003) , effects of imagery-based instruction on musical expression (Woody, 2006) , the relationships of keyboard ownership to performance ratings (Price, 2007) , choral festival adjudication (Norris & Borst, 2007) , undergraduate performance juries (Ciorba & Smith, 2009) , and collegiate-applied studio instruction (Parkes, 2005) . The implementation of statistically reliable and valid rubrics can serve as a valuable assessment tool for music educators to facilitate learning and improve teaching in the classroom as well as aid in the assessment of complex behaviors.
Method

Measure Development
The proposed measure for the assessment of interaction in jazz performance was a 4-point analytic rubric, using eight dimensions of evaluative criteria (see Figure 1) . The levels were gleaned from Rinzler's (1986) outline of three major degrees of creativity and Berliner's (1994) description of how jazz ensemble members engage in nonverbal interaction during a performance. The language used in rubrics is considered to be one of the most important This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
factors for achieving reliable and valid large-scale assessments (Moni, Beswick, & Moni, 2005; Tierney & Simon, 2004) . The complexity of this rubric is a consequence of the multifaceted nature of aurally examining interaction in jazz performances as well as the intricate process of engaging in interaction episodes in improvisational performance. The rubric was constructed to accommodate the population and advanced level of students being assessed (Green & Bowser, 2006) . The rubric was piloted using freshman and sophomore undergraduate jazz major improvisational performances (N ϭ 10), graduate jazz major improvisational performances (N ϭ 10), and professional improvisation performances (N ϭ 10). Undergraduate, graduate, and faculty members at three universities with accredited jazz programs provided the recordings. The selected recordings for the pilot study demonstrated a wide range of performance ability. The judging panel (N ϭ 5) consisted of full-time jazz studies faculty members from varying universities who possess expertise in jazz performance and teaching. The panel was instructed to listen to the performances as many times as needed and to judge the ensemble using the specified measurement tool. Initial data were analyzed and feedback regarding the measurement tool was solicited from the panel. The rubric was revised and edited based on suggestions for clarity, practicality, redundancy, and continuity.
Subjects and Judges
Expert judges (N ϭ 55) were selected based on their jazz education experience, jazz performance experience, academic background, and availability. The volunteer judges were drawn from a pool of professional musicians adept in the jazz idiom and university professors holding full-time positions in jazz studies departments. The judges represented diverse educational backgrounds, teaching expertise, and performing experiences. Before the evaluation, each judge viewed an instructional packet that outlined the premise of the research study and clearly defined the task expectations and degrees of proficiencies of the measurement instrument. The judges and recordings used in the pilot study were not used in the full-scale study.
Following the methodology of Smith (2009), each judge was provided two anchor examples representing a beginning level and an accomplished level of interaction in an improvisational performance. The anchor examples were offered to provide a reference point for judging criteria that spanned the range of the provided measurement tool. Each judge was then given one anonymous recording. The recordings were anonymous to control for judges' biases for performance level. The instrumentation of each recording was a jazz quartet, including a brass or woodwind soloist, piano, bass, and drums. Each recording was performed in a swing style using functional harmony with a standard song form or blues form as the improvisational vehicle. The recordings were randomly selected from a pool of noncommercially released undergraduate, graduate, and professional improvisational performances. The recorded performances averaged between 45 s and 1 min and 30 s. Each judge was instructed to evaluate the ensemble using the provided measurement tool within the range of skill illustrated by the two provided anchor recordings.
An a priori power analysis was conducted to estimate a sufficient sample size that would yield a medium to large effect size (i.e., .50 -.80) with a power of .80 and alpha level of .05. The projected sample size ranged from 18 to 24 evaluations. A total of 55 expert judges evaluated 55 distinct jazz improvisation performances (i.e., undergraduate, n ϭ 17; graduate, n ϭ 20; professional, n ϭ 18). This resulted in a 73% response rate.
Results
A one-way multivariate analysis of variance (MANOVA) was conducted to test the hypothesis that there would be significant mean differences between performance levels (i.e., undergraduate, graduate, and professional) and the eight criteria comprising the rubric. Before conducting the MANOVA, several assumptions were checked. Box's M value was interpreted as nonsignificant (104.93, p ϭ .32), indicating that the covariance matricies were not significantly different; thus, the assumption of homoscedasticity was maintained (Huberty & Petroskey, 2000) . The Shapiro-Wilk test of normality indicated that the population was distributed normally (p Ͼ .05) for each of the achievement levels. A series of Pearson correlations were performed between all of the dependent variables. Table 1 indicates that they were moderately correlated, ranging from .33 to .76 (Meyer, Gampst, & Guarino, 2006) . Additionally, an evaluation of the Mahalanobis distances (␣ ϭ .001) indicated no significant outliers, and a series of Levene's F tests satisfied the homogeneity of variance assumption. Fifty-five evaluators independently judged 55 distinct recordings; therefore, independence was assumed. Table 3 ).
A series of Bonferroni-adjusted post hoc analyses were performed to examine individual mean difference comparisons across the three performance achievement levels and all eight rubric criteria. As seen in Table 4 , the results revealed that all post hoc mean comparisons were statistically significant.
A canonical discriminant function analysis was conducted to test the hypothesis that some rubric criteria may maximally differentiate the three performance levels. Two eigenvalues and canonical variables were extracted; however, only the first extraction indicated significance. The first eigenvalue was equal to 1.73 and accounted for Table 5 , the standardized canonical discriminant function coefficients demonstrate that the three performance levels were maximally differentiated by one canonical variate with the greatest weight from all three melodic interaction criteria ("Reaction to implied [melodic] musical suggestions," [.51 ] "Development of melodic musical ideas stemming from motivic interplay," [.31 ] "Adaptation to melodic interplay" [.32]) and one rhythmic interaction criterion ("Coordination of rhythmical pulse" [.50]). Therefore, the results indicated a cognitive ordering of rater task difficulty: melodic interaction, rhythmic interaction, and harmonic interaction. Canonically derived group means were then estimated for the three performance levels. As hypothesized, the professional group was associated with the highest mean (M ϭ 6.57, SD ϭ .88), the graduate group was associated with the second highest mean (M ϭ 5.92, SD ϭ .92), and the undergraduate group was associated with the smallest mean (M ϭ 4.08, SD ϭ 1.17).
Interjudge reliability was calculated using Cronbach's alpha lower bound estimate of reliability. The result for all raters (N ϭ 55) was .91. The high alpha reliabilities provide an indication that there was a significant level of internal consistency among the judges' scores and the variability of individual criteria within the rubric. A total of 66.33% of the variability was accounted for by performance achievement level.
Multicollinearity was assessed using variance inflation factor values. All values were under the recommended value of 10, indicating that the collinear variables (i.e., item responses) do not demonstrate redundancy with the dependent variables (i.e., rubric items) (Hair, Anderson, Tatham, & Black, 1995) .
Discussion
The purpose of this study was to examine cognitive processes related to interaction episodes in jazz improvisation through the generation, testing, and validation of a rubric based on interaction episodes in jazz improvisation. The results of this study provide evidence that the prescribed rubric can be used effectively to evaluate interaction in jazz improvisation with significant reliability (␣ ϭ .91). Specifically, the rubric was able to discriminate between undergraduate, graduate, and professional achievement levels across each criterion outlined in the rubric. As hypothesized, the overall means across the three performance levels indicated that improvisers perform with greater attention to ensemble interaction and with greater improvisatory fluidity at higher performance levels. This indicated that the rubric has a high level of content validity. Strong content validity along with the moderate to strong correlations between the rubric criteria and significant reliabilities supports Fiske's (1983) argument that subjective performance-based activities can be effectively assessed in a holistic and objective manner.
The standardized discriminant function coefficients suggested that the three performance levels were maximally differentiated by a canonical variate with greater weightings from three items from the melodic criteria (i.e., "Reaction to implied (melodic) musical suggestions," "Development of melodic musical ideas stemming from motivic interplay," "Adaptation to melodic interplay [call and response]"), one item from the rhythmic criteria (i.e., "Coordination of rhythmical pulse [timing and synchronization]), and no items from the harmonic criteria. This implied a cognitive ordering of task difficulty with respect to the canonical variate: melodic interaction (n ϭ 3), rhythmic interaction (n ϭ 1), and harmonic interaction (n ϭ 0). Moreover, this sheds some light on the This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
cognitive processes related to interaction in jazz improvisation at various achievement levels. These four items carried the most weight in the canonically derived group means. Although all items in the rubric were able to discriminate between the three performance achievement levels, the four highlighted items indicate where professional, graduate, and undergraduate soloists demonstrate the greatest differences. Therefore, one can speculate that these particular items may necessitate the most amounts of musical ability, adaptation, responsiveness, critical thinking, and/or creativity. A strong aural capacity is needed to engage in interaction at the melodic level. Interestingly, item number two (Reaction to implied [melodic] musical suggestions) carried the greatest weight in the canonical variate (.51). This item not only calls for a strong aural capacity, but also a strong foundation in jazz vocabulary, knowledge of repertoire, and stylistic convention. The only rhythmic item underscoring the canonical correlate was "Coordination of rhythmical pulse (timing and synchronization)." This strengthens Seddon's (2005) notion of empathetic attunement, where advanced levels of interaction move beyond vocabulary-based communication and into groove-oriented communication and accordance. Here, this is sense of "togetherness" can be evidenced in ensemble synchronization. The suggested cognitive-task ordering provides a great amount of diagnostic and analytical value that may inform pedagogy and improve students' awareness in the aural and interactive aspects of jazz improvisation. Pedagogically, it may provide a framework for expectations of student improvisers. Undergraduates who strive to play at a professional level can focus on the four items with the greatest canonical weightings to increase their perceived ability to interact in the ensemble setting. A developed aural ability will allow students to melodically interact with the ensemble, and increased attention to ensemble synchronization (i.e., ensemble accordance) can improve the perception of interaction in the ensemble.
Bringing to light the construct validity of the measurement tool, one can only speculate on the relationship of listener perception to acoustical occurrence within the limitations of this study. The rubric identifies the cognitive rater task difficulty: melodic interaction, rhythmic interaction, and harmonic interaction. Arguably, harmonic interaction may not have been perceived, thus causing its subjacent position in the cognitive task ordering. Additionally, melodic interaction may be the most perceptually apparent form of interaction in jazz improvisation. Listeners' focus may be directed to melodic interplay due to the aural/oral nature and tradition of jazz stemming from the historical, pedagogical, and musicological significance of call and response. Future experimental studies that examine the connection between these variables and listeners' perception of interaction could potentially shed light on these perceptual and acoustical relationships. Furthermore, the perceived relationships between improvisation quality, interaction quality, and rater score are unclear. Raters may have potentially evaluated quality of the performance in lieu of occurring interactions. Experimental research that parses apart these relationships may lead to a clearer connection and understanding of the perception of ensemble interaction.
The development of valid and reliable assessment tools cannot only improve the teaching and learning processes, but can also provide insight into the more elusive aspects of musical behavior. Jazz improvisation and ensemble interaction are multifaceted and complex musical behaviors that use higher order thinking and creative competencies. The newly constructed assessment tool provided in this study may aid in the process of recognizing, diagnosing, and communicating new methods for improvement in an individual student's jazz improvisatory development, solo construction, and execution. Note. N ϭ 55; eigenvalue was equal to 1.73 with a canonical correlation of .80. Raw ϭ unstandardized coefficients; standard ϭ standardized coefficients; structure ϭ structure coefficients.
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